We study galaxies drawn from the semi-analytic models of Guo et al. (2011) based on the Millennium Simulation. We establish a set of four observationally measurable parameters which can be used in combination to identify a subset of galaxy groups which are old, with a very high probability. We therefore argue that a sample of fossil groups selected based on the luminosity gap will result in a contaminated sample of old galaxy groups. By adding constraints on the luminosity of the brightest galaxy, and its offset from the group luminosity centroid, we can considerably improve the age-dating.
INTRODUCTION
In the hierarchical structure formation scenario the age perseverance for galaxy systems is not trivial, as in this paradigm, more massive galaxy systems such as galaxy clusters are formed through the mergers of smaller galaxy systems and are therefore generally young galaxy systems. In fact, the answer to the question of age determination should come from cosmological simulations where the evolutionary history of galaxy systems can be studied. Cosmological dark matter simulations and the implemented semi-analytic galaxy models offer tools needed to develop an insight into this subject. An observational method for the identification of old galaxy groups was developed in a pioneering study by Ponman et al. (1994) . According to the convention introduced by Jones et al. (2003) , fossil groups have a magnitude gap of at least 2 magnitudes within 0.5 virial radii and L X,bol ≈ 10 42 h −2 50 erg s −1 . Since then there have been many studies focused on the detailed characterisation and properties of fossil groups (Khosroshahi, Jones, & Ponman, 2004a; Sun et al., 2004; Ulmer et al., 2005; Khosroshahi, & Ponman, 2006) , based on X-ray and optical observations. One of the largest cosmological simulations, the Millennium Simulation (Springel et al., 2005) joined with Semi-Analytical Models (SAMs) for galaxy formation, provide a useful tool to address open questions regarding the age determination of the galaxy systems.
DATA
In this study, we use the public release of the Millennium Simulation (Hereafter: MS) (Springel et al., 2005 As defined by Dariush et al. (2007) , a galaxy group which formed more than 50 percent of its total mass by z=1 is labelled old. A group is labelled young if less than 30 per cent of its final mass is formed by z=1.
AGE-DATING BASED ON MULTI-DIMENSIONAL APPROACHES
We show that the galaxy luminosity gap combined with the luminosity of the brightest group galaxy for all halo masses over 10 13 M /h is successful in identifying old groups with a probability of 61 percent and young galaxy groups with a probability of 92 per cent (Raouf et al., 2014) . In addition, we estimate the halo concentration as the ratio between R 200 and the half-mass radius for all candidates for old and young systems (Ludlow et al., 2012) . While the bimodal distribution of the halo concentration between the old and the young groups appears to be very attractive for discriminating these two groups, there are significant observational limitations.
Moreover, in the absence of X-ray or lensing mass maps, one can resort to the optical luminosity distribution. We define the luminosity weight for each group (the so-called "de-centring"). The de-centring parameter is thus defined as the projected physical separations between the luminosity centroid of the group and the location of the Brightest Group Galaxy (BGG). We conclude that younger systems show larger separation between BGG and the luminosity centroid of the galaxies in comparison to the old groups (see Figure 2 ). Figure 1 . The probability for a system to be considered old (top) and young (bottom) based on the observable 4-dimensions parameter space. The parameter space consists of the total group optical luminosity, luminosity of the BGG, luminosity gap and luminosity de-centring. Size of the symbols (balls) indicate the oldness probability for a given sub-region in the parameter space. For example, within the total luminosity range 1.9×10 10 h −2 L through 20.27× 10 10 h −2 L , galaxy groups with Log(separation)(−2 ≥ Log(separation) ≥ −2.5) and Mr(BGG)≈ −22 mag, and ∆m12 ≈ 4.5 are 100 per cent old, according to our definition of age, based on mass accumulation. Consequently, Figure 1 shows the probability for a system to be considered old (top) and young (bottom) based on the observable 4-dimensional parameter space. The parameter space consists of the total group optical luminosity, luminosity of the BGG, ∆m 12 and luminosity de-centring. In this Figure, the size of the symbols (balls) indicate the oldness probability for a given sub-region in the parameter space. The luminosity decentring and the radius at which the magnitude gap has been estimated are all projected. These criteria enable us to find the box which has 100 percent probability of being old, according to our definition of age, which is based on the mass accumulation history of the halo.
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CONCLUSION
In conclusion, we define a multi-dimensional parameter space consisting of the optical luminosity of the brightest group galaxy, the optical luminosity difference between the two brightest galaxies in the group (the luminosity gap), the total luminosity of the group (as a proxy to the group mass) and the physical separation between the luminosity centroid of the galaxy group and its brightest group galaxy. Using this multi-dimensional parameter space we are able to achieve a very high probability in statistical identification of the evolved, old and evolving, and young galaxy groups using purely optical observations (Raouf et al., 2014) . These parameters can be obtained from the optical observations of galaxies alone which are now available from various imaging/spectroscopic surveys.
